We studied exercise performance before and after conversion of atrial tachycardia to sinus rhythm, atrial bradycardia, or junctional rhythm in 10 patients 9-25 years of age 8-20 years after congenital heart disease surgery (complete transposition of the great arteries, seven of 10 patients). The same maximal cycle (five of 10 patients) or treadmill (five of 10 patients) exercise protocol was performed in atrial tachycardia and sinus rhythm 1-232 days after atrial tachycardia (mean, 34 days). Electrocardiogram, heart rate, and pulmonary gas exchange were recorded. Sinus rhythm exercise increased peak Vo2 (mean, 28.7 [sinus rhythm] vs. 24.7 [atrial tachycardia], p<0.01), exercise time (p<0.01), and 02 pulse at rest (p<0.01) and at peak exercise (NS). Mean resting heart rate decreased from 109 to 70 beats/min (p<0.01). In atrial tachycardia, peak exercise heart rate was low (80-163 beats/mmn) because of fixed conduction (six of 10 patients) or high as conduction approached 1:1 (176-252 beats/min) (four of 10 patients). In sinus rhythm, rest to peak exercise heart rate increased in six of 10 patients (p<0.05). The data show improved exercise performance in sinus rhythm primarily because of improved heart rate adaptation to exercise, by either permitting increased heart rate response or eliminating excessively high heart rate with inadequate diastolic filling. (Circulation 1989;80: 106-111) A trial tachycardia, thought to be due to intraatrial reentry, is one of the more common and clinically more troublesome late complications after surgical treatment of congenital cardiac defects that involve extensive intra-atrial surgery. In a multicenter 15-year follow-up study of 372 patients after Mustard operation, active arrhythmias, including supraventricular tachycardia, junctional tachycardia, atrial flutter, and atrial fibrillation, varied from 2% to 7% during the first 10 years and subsequently increased.1 Electrical or pharmacologic termination of atrial tachycardia is an accepted mode of therapy even in patients without overt untoward symptoms.
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The purpose of this study was to examine the effect of atrial tachycardia on exercise performance by comparing the response to graded maximal treadmill or cycle ergometer exercise before and after termination of atrial tachycardia. We hypothesized that differences in exercise response between atrial tachycardia and the basic underlying rhythm states would vary between patients depending on a number of factors, including the ventricular rate during atrial tachycardia at rest and during exercise, the ventricular rate response of the basic underlying rhythm during exercise, and global myocardial function. We speculated that conversion of atrial tachycardia would result primarily in longer exercise times and greater peak 02 uptakes (Vo2) but not in significant Vo2 increases at low-to-moderate work rates.
Methods

Patients
We studied 10 patients characterized in Table 1 . Seven had complete transposition of the great arteries. One had complete atrioventricular canal, one had a double outlet right ventricle, and one had a ventricular septal defect associated with valvar and infundibular pulmonic stenosis. Including atrial septostomy (patients 2, 6-8, and 10) and pacemaker insertion (patients 4-6 and 10), the 10 patients The time between exercise before and after conversion of atrial tachycardia was <19 days in nine patients and 232 days in patient 1. Antiarrhythmic medications at the time of the study included digoxin (six patients), propranolol (one patient), and procainamide (one patient), either alone or in combination. In each patient, drug regimens were identical during exercise before and after atrial tachycardia conversion.
Anthropometric data at the time of the first exercise study indicate that height was less than the 25th percentile in all but two patients. In patients 5-8, height was 5th percentile or less. The percentile for weight was less then that for height in four (patients 2, 3, 6 , and 7), the same in patient 1, and greater in five (patients 4, 5, and 8-10). Exercise Studies All patients were exercised to the end of their tolerance, which was defined as an inability to continue. Patients 1-5 were studied at the University of Minnesota Variety Club Children's Hospital with either the Bruce or a modified Balke protocol for treadmill exercise. Patients 6-10, evaluated at the Children's Memorial Hospital, Chicago, worked on the cycle ergometer (Model 840, Quinton, Seattle, Washington) with stepwise increasing work rate increments of 1-or 4-minute duration. However, each patient performed the same exercise protocol before and after conversion of atrial tachycardia.
ECG and heart rate were monitored continuously. Systemic blood pressure was recorded intermittently. Ventilation and pulmonary gas exchange were measured breath by breath. The Minnesota patients were studied with the System 2000 (Medical Graphics, St. Paul, Minnesota); the Chicago patients were studied with the method previously described in detail. 3 (Table 2) was associated with longer average exercise times (p<0.01), higher average peak Vo2 (p<0.01), and greater average resting (p<0.01) and peak exercise (p=NS) oxygen pulse. Average resting heart rate was lower during sinus rhythm (p<0.001). Average peak exercise heart rates were also lower during sinus rhythm, but the difference was not significant. Paired comparison revealed no significant differences for peak exercise 
Heart Rate Response
During atrial tachycardia, patient 2 had 2: 1 atrioventricular conduction at rest with a ventricular rate of 159 beats/min. All others showed variable conduction (2:1-4:1). After conversion to sinus rhythm, resting heart rate decreased in all (mean, 34.0±21.1 beats/min;p<0.001). During atrial tachycardia exercise, two patterns of atrioventricular conduction were observed. Six patients did not achieve greater than 2:1 atrioventricular conduction during exercise when in atrial tachycardia. In five of these, peak exercise heart rates ranged from 152 to 163 beats/min, whereas in patient 10, heart rate increased from 101 beats/min at rest to 105 beats/min during the 4th minute of exercise (400 kg. m/min) but decreased to 80 beats/min during the final 2 minutes of work. In these six patients, peak exercise heart rate during sinus rhythm was unchanged in one, decreased in two, and increased in three patients when compared with peak exercise heart rate during atrial tachycardia. The remaining four patients showed a gradual increase toward 1:1 atrioventricular conduction during exercise in atrial tachycardia, with peak heart rates ranging from 176 to 252 beats/min. Exercise during sinus rhythm in these four patients resulted in markedly lower peak heart rates in three (patients 1, 5, and 8) and no change in the fourth patient (see Figure 1 ).
Vo2 Response
Patients 1-9 increased peak exercise Vo2 after conversion to sinus rhythm regardless of whether or not they increased exercise time (range, 79-370 ml/ min STPD, p<0.001) ( Table 2, Figures 2 and 3) . Minute-by-minute paired comparison of Vo2 in each patient between sinus rhythm and atrial tachycardia (i.e., excluding the minutes of increased exercise time after conversion to sinus rhythm) also showed a small increase of average Vo2 after conversion.
However, these mean differences (1AVo2=Vo2 sinus rhythm-Vo2 atrial tachycardia) were significant only in three patients (7) (8) (9) . In patient 10, peak exercise Vo2 decreased slightly (-45 ml/min STPD) after conversion of atrial tachycardia to sinus rhythm, and minute-by-minute LVo2 was significantly lower in sinus rhythm (p<0.01).
Minute-by-minute group means of Vo2 indicated no significant differences at rest and during the 1st 4 minutes of exercise (Figure 3) . During subsequent minutes, AVo2 tended to become progressively greater (significant for the 5th, 7th, and 9th minutes of work) after conversion to sinus rhythm. Comparison of the last minute of work achieved during atrial tachycardia with the corresponding minute in sinus rhythm, irrespective of work rate, also yielded a significant mean AVo2 (p<0.01). By contrast, AVo2 between 2nd and 1st study of either control group was not significant for the last minute of work at the same work rate (Table 4 ), but AVo2 of the patients in group 1 was greater than that of patients in both control groups (p<0.02).
Discussion
In this study, we showed a significant increase of exercise performance (peak work rate, peak Vo2) gone an atrial baffle procedure (Mustard procedure) for transposition of the great arteries. Rhythm disturbances are common in such patients and include junctional rhythm or sinus bradycardia at rest,1 inability to increase sinus rate appropriately during exercise, and atrial tachycardia.6'7 In one study of 60 patients with transposition of the great arteries after Mustard procedure operation, spontaneous clinical episodes of atrial flutter and tachycardias (17%) and electrophysiologically inducible sustained atrial flutter (55%) were noted.8 The progressive nature of atrial tachycardia development' is also suggested in our patients by the long time interval (mean, 9.4+5.0 years; range, 3.4-18.7 years) what level of work rate during exercise these factors will begin to limit exercise performance. In most of these postoperative patients, exercise performance is impaired significantly, independently of abnormal heart rate. 6, 7, 9 Given the adaptability of the cardiovascular oxygen delivery system, one would expect that the primary effect of atrial tachycardia would be to limit peak performance and peak exercise Vo2. At lower work rates, the ability to deliver 02 to the working muscle per se is unlikely to be impaired, and the same 02 uptake will be delivered but with a different combination of heart rate, stroke volume, and arteriovenous 02 difference. This was found to be true in this study and has been demonstrated in an exercise study of "lone atrial fibrillation" before and after conversion to sinus mechanism.10 During steadystate work (6 minutes), for work rates of up to 600 kg -m/min, the Vo2 during atrial fibrillation and sinus rhythm was the same even though sinus rhythm resulted in significantly increased cardiac output and stroke volume and a significantly decreased heart rate and arteriovenous 02 difference. These findings are in keeping with our own observation" that the linear relation between steadystate Vo2 and work rate is independent of age, sex, and cardiovascular status and does not differ from normal in postoperative patients with tetralogy of Fallot, aortic stenosis, coarctation of the aorta, transposition of the great vessels, and tricuspid atresia. However, during non-steady state work (i.e., for progressive work rate increments of only 1-minute duration), the linear slope of Vo2 on work rate was significantly less in all patient groups and significantly less in patients with transposition of the great vessels after Mustard correction compared with that in normal subjects."
In our study, the increases of exercise time and peak Vo0 were rather small after conversion from atrial tachycardia to sinus rhythm, and all but one patient experienced the first exercise testing before conversion. Therefore, the possibility cannot be excluded that the improvement after conversion may 
